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(54) Title: METHOD OF PRODUCING CAVITY STRUCTURES 




(57) Abstract 

A method of producing sealed cavity structures in the surface layer of a selectively etchable substrate (1) comprises: ^depositing ^a 
masking layer (2) of etchable material on the substrate (1), b) by means of etching, opening at least one hole (3) in the masking layer {2) 
down to the substrate surface, c) through said hole or boles (3) in the masking layer (2) selectively etching the substrate (1) in under toe 
masking layer (2) so as to form one more cavities (4) which extend under the masking layer, and d) sealing said hole or holes (3) in the 
masking layer (2). 
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METHOD OF PRODUCING CAVITY STRUCTURES 

The present invention relates to a method of producing 
cavity structures, suitable for use as capillary fluid flow 

5 systems, pressure sensors etc., by means of micromechanical 
manufacturing methods . 

One type of micromechanical manufacturing techniques 
is based upon microelectronic methods known from the 
semiconductor technology. 

10 it is previously known to manufacture miniaturized 

analytical systems by means of microelectronic methods. For 
example, CH-A-679952 discloses the manufacture of an 
analytical chip, particularly for FIA (Flow Injection 
Analysis) , by making channels in one or both of two plates 

15 of glass or silicon by photolithographic means, and then 
attaching the plates to each other such that a capillary 
system is defined between the two plates. The thickness of 
the plates reduces the possibilities of using 
microelectronic methods for integrating further functions 

20 in the system. 

US- A- 4, 996, 082 discloses a method of producing a 
cavity in a semiconductor substrate, particularly for use 
as a pressure sensor. In brief, the process consists in 
depositing onto a semiconductor substrate, typically of 
25 crystalline silicon, an oxide layer to a depth equivalent 
to the height of the desired cavity, depositing a layer of 
polycrystalline silicon on top of the oxide layer, and then 
from uncoated side portions of the oxide layer etching out 
a cavity under the layer of polycrystalline silicon. The 
30 etch channel openings can then be sealed by subjecting the 
substrate to an oxidizing ambient which results in growth 
of silicon dioxide in the channels sufficient to seal off 
the channels. Due to the need of etching from a side edge 
in under the substrate surface, the process is time- 
35 consuming and complicated. 

The present invention provides a simplified and 
improved method of producing cavities of various types 
under the surface of an etchable substrate. 
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More particularly, the invention provides a method of 
producing sealed cavity structures in the surface layer of 
a selectively etchable substrate by: 

a) depositing a protective layer, or masking layer, of 
5 etchable material on the substrate, 

b) by means of etching, opening at least one hole in 
the masking layer down to the substrate surface, 

c) through said hole or holes in the masking layer 
selectively etching the substrate in under the masking 

10 layer so as to form one or more cavities which extend under 
the masking layer, and 

d) sealing said hole or holes in the masking layer. 
The substrate material is preferably glass, quartz or 

silicon, while the masking layer preferably is 

15 polycrystalline silicon (polysilicon) or silicon nitride. 

In one embodiment, the masking layer is polysilicon, 
and the sealing of the opening or openings in the masking 
layer is effected by oxidation of polysilicon to silicon 
dioxide, causing expansion of the polysilicon layer. 

20 Preferably, the substrate is of quartz, so that the whole 
finished product after the oxidation is totally of quartz. 

In another embodiment, the sealing is effected by 
deposition of a material layer on the substrate surface and 
the hole walls^ The deposited material may be a metal, a 

25 semiconductor or an insulator. The deposition may, for 

example, take place by sputtering, vaporization or a CVD 
(Chemical Vapor Deposition) method. If the substrate is of 
glass or quartz and the deposited material is silicon 
dioxide (quartz) , a product that completely consists of 

30 quartz may be obtained. 

In a further embodiment, the sealing of the opening or 
openings is effected by a combination of oxidation of a 
masking layer of polysilicon and deposition of an 
additional material layer. 

35 The shape of the holes in the masking layer may vary 

depending on the desired cavity shape. As examples may be 
mentioned square and rectangular holes. A continuous cavity 
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can be made in the substrate via etching of a plurality of 
holes in the masking layer arranged adjacent to each other. 

in the following, the invention will be described in 
more detail with reference to the accompanying drawing, 
where Figs. 1 to 5 schematically show different substeps in 
one embodiment of the method of the invention. 

The chemical etching methods to which it will be 
referred below are well-known per se from inter alia the 
manufacture of integrated circuits (IC) and will therefore 
not be described in further detail here. It may, however, 
be mentioned that two basal etching phenomenons are used in 
micromachining, i.e. that (i) depending on substrate and 
etching agent, the etch may be dependent on the crystal 
direction or not, and (ii) the etch may take place 
selectively with regard to a specific material. 

in a crystal direction dependent etch in a crystalline 
material, so-called anisotropic etch, etching is effected 
up to an atomic plane (111), which gives an extremely 
smooth surface. In a so-called isotropic etch, on the other 
hand, the etch is independent of the crystal direction. 

The above-mentioned selectivity is based upon 
differences in etch rates between different materials for a 
particular etching agent. Thus, for the two materials 
silicon and silicon dioxide, etching with hydrogen fluoride 
takes place (isotropically) about 1,000 to about 10,000 
times faster in silicon dioxide than in silicon. Inversely, 
potassium hydroxide gives an anisotropic etch of silicon 
that is about 100 times more efficient than for silicon 
dioxide, while a mixture of hydrogen fluoride and nitric 
acid gives a selective isotropic etch of silicon that xs 
about 10 times faster than in silicon dioxide. 

Now turning to the Figures, and with reference first 
to Fig. 1. one starts from a substrate 1, exemplified here 
by quartz. Onto the substrate is deposited a masking layer 
2, exemplified here by polysilicon, in relation to which 
' the substrate layer is selectively etchable. After 
application of photoresist and patterning in conventional 
manner, a hole 3 of a desired configuration is made m the 
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masking layer 2, as is shown in Fig. 2. In the illustrated 
case, it is assumed that a flow channel (capillary) is to 
be formed in the substrate, and the hole 3 is therefore 
oblong, e.g. 1 ym x 10 mm (with the longitudinal extension 

5 normal to the illustration plane) . 

With reference to Fig. 3, a selective etch of the 
substrate 1 is then carried out through the hole 3, here by 
way of example a wet etch with concentrated hydrogen 
fluoride, whereby the etch extends under the masking layer 

10 2, so-called underetch. The etch is stopped when a cavity 
(here a flow channel) of the desired depth/width has been 
obtained . 

The masking layer 2 of polysilicon is then oxidized to 
. quartz, which causes the masking layer, including the walls 

15 of the hole 3, to expand, as illustrated in Fig. 4. 

Depending on the size of the hole 3, this oxidation step 
may optionally be sufficient for sealing the hole. 

In the illustrated case, there still remains, however, 
as shown in Fig. 4, a small hole 3' in the masking layer 2. 

20 Complete sealing of the etched cavity or flow channel 4 is 
therefore effected, with reference to Fig. 5, by depositing 
a layer 5 of silicon dioxide (quartz) . In the case 
contemplated here with a quartz substrate, the whole 
finished structure will therefore consist of quartz. 

25 The substrate 1 in the above example may also be of 

glass, for example. In that case oxidation of polysilicon 
to quartz can, however, not be effected, since glass does 
not withstand the required oxidation temperature. Another 
alternative material is silicon (e.g. monocrystalline 

30 silicon) . Furthermore, silicon nitride may be deposited 
instead of polysilicon as the masking layer 2. 

In Figs. 3 to 5 the cavity (flow channel) 4 is 
illustrated as resulting from an isotropic etch. With an 
anisotropic etch of a silicon crystal, a cavity with a V- 

35 shaped profile would have been obtained instead, but 

without any underetch. Isotropic and anisotropic etching 
may, however, advantageously be combined in such a way that 
an isotropic etch of the substrate 1 is first carried out, 
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and the cavity walls are then smoothed in conformity with 
the crystal orientation by an anisotropic etch, so that the 
(111) -planes in the silicon crystal are etched out. 

It is realized that on the whole just any desired 

5 sealed cavity structures can be manufactured by the process 
just described. The materials are selected with regard to 
the etch properties as well as the intended use of the 
finished product. Thus, capillaries may be made as above by 
opening an oblong hole in the etch mask. Alternatively, 

10 instead of an oblong hole, several holes in a row, e.g. 

square holes, may be made, such that a continuous capillary 
is formed along the row of holes under the etch mask by 
underetching the substrate for more than half the hole 
spacing . 

15 Such capillaries may inter alia be used in chemical 

analysis systems. They may, for example, form liquid flow 
systems, e.g. for FIA (Flow Injection Analysis). 
Alternatively, they may form gas flow systems, e.g. for gas 
chromatography. A connection cup to a capillary may easily 
20 be provided by making a cavity adjacent to the capillary in 
the substrate. This is accomplished by means of a hole in 
the masking layer, which hole has a considerably greater 
lateral extension than the etch depth. In a chemical 
analysis system, it may sometimes be valuable to produce 
25 smooth flow channel walls by an anisotropic etch 

(optionally preceded by an isotropic etch) as described 
above, so that the channel walls may function as mirrors 
for certain applications of optical detection. 

It is realized that by means of holes arranged 
30 adjacent to each other in the masking layer, it is possible 
to etch out continuous cavities of practically any shape 
and extension to suit a desired application. 

For example, membranes may be produced according to 
the method of the invention by making a plurality of holes 
35 adjacent to each other, e.g. within a circle of a certain 
radius, for instance of a radius of about 0.1 mm, and then 
etching the substrate such that a continuous cavity is 
etched out under the masking layer. A membrane will then be 
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formed by the free part of the etch mask. Such a membrane 
may, for example, in combination with a strain gauge or a 
capacitive transducer be used as a pressure sensor. Another 
use of such a membrane is as a valve in gas or liquid flow 
5 systems. Still another use is for thermal insulation of, 
for example, a thermistor, e.g. for flow measuring. 

Various desired components may easily be integrated in 
the cavity structures produced according to the invention. 
For example, electrodes can be integrated in a sealed 

10 cavity structure by opening a hole to an already prepared 
cavity, whereafter the hole is sealed by deposition of a 
metal layer which is then patterned and etched, so that 
electrodes are defined on the surface and brought into 
contact with the cavity. Such a cavity may, for example, 

15 be used for conductivity measurements or amperometric 

measurements. Alternatively, the electrodes are patterned 
on the substrate over the cavity to be formed before the 
production thereof, and holes are then made in the etch 
mask beside the electrodes and an underetch under the 

20 electrodes is performed. The holes are then sealed by 
depositing a thick layer over all of it. Then, the 
substrate layer under the electrodes is etched from within 
the cavity through openings thereto, so that the electrodes 
are brought into contact with the cavity. 

25 When the substrate is a semiconductor material and the 

etch mask is an insulator, various electronic components, 
e.g. amplifiers, A/D converters, may in a similar manner be 
integrated on a substrate with a sealed cavity structure 
formed according to the method of the invention. For 

30 example, the substrate may be silicon while the etch mask 
may be silicon dioxide or silicon nitride. 

Also, optical components may be integrated in the 
substrate for co-operation with the produced cavity 
structure. This applies to, for example, the integration of 

35 optical waveguides as doped (ion exchange) waveguides in 
the substrate bulk or as waveguides from glass, silicon 
nitride or a polymer. In this case the substrate suitably 
consists of glass. 
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In the following working example, the production of a 
flow channel according to the process of manufacture 
outlined in Figs. 1 to 5 will be described in more detail. 

KXAMPLE 

prnAirtior of a cani llarv on a cruart.7 substrate 
On a planar substrate of quartz, a 1 urn thick layer of 
polysilicon is deposited by LPCVD (Low Pressure Chemical 
Vapor Deposition) . After application of photoresist and 
patterning of a number of holes in a row with a spacing of 
about 4 urn (alternatively a single oblong hole of the same 
length as the hole row) , a hole or holes are etched in the 
polysilicon layer by means of RIE (Reactive Ion Etching). 
The photoresist is dissolved away, and a selective 
(isotropic) underetch of the quartz substrate through the 
holes (alternatively the oblong hole) with concentrated 
hydrogen fluoride for 5 min gives an about 5 urn deep and 
about 10 urn wide continuous cavity along the hole row 
(hole) - By thermal oxidation of the polysilicon layer in 
water vapour, 950 °C, for 3 0 hours, all the silicon is then 
converted to silicon dioxide. Subsequent deposition of a 
1.5 urn TEOS oxide (tetraethylorthosilicate oxide) then 
plugs the holes (hole) and forms a lid on the substrate. 
Then, a 0.5 urn layer of LTO (Low Temperature Oxide) with 4 
% phosphorus is deposited. By heating at 1000 °C the 
phosphorus glass flows, whereby an almost smooth surface is 
obtained simultaneously as stresses in the glass disappear. 

The invention is, of course, not restricted to the 
embodiments described above and specifically shown in the 
drawings, but many modifications and changes may be made 
within the scope of the following claims . 
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CLAIMS 

1. A method of producing sealed cavity structures in the 
surface layer of a selectively etchable substrate, 

5 characterized by: 

a) depositing a masking layer (2) of etchable material 
on the substrate (1) , 

b) by means of etching, opening at least one hole (3) 
in the masking layer (2) down to the substrate surface, 

10 c) through said hole or holes (3) in the masking layer 

(2) selectively etching the substrate (1) in under the 
masking layer (2) so as to form one or more cavities (4) 
which extend under the masking layer, and 

d) sealing said hole or holes (3) in the masking layer 

15 (2). 

2. The method according to claim 1, characterized in that 
the substrate (1) is glass, quartz or silicon. 

20 3. The method according to claim 1 or 2 , characterized in 
that the masking layer (2) is polysilicon or silicon 
nitride. 

4. The method according to claim 3, characterized in that 
25 the masking layer (2) is of polysilicon and the sealing 

step d) comprises oxidation of polysilicon to silicon 
dioxide and thereby expansion of the masking layer. 

5. The method according to any one of claims 1 to 4, 
30 characterized in that the sealing of said holes (3) is 

effected by deposition of a material layer (5) on the 
substrate surface and the hole walls. 

6. The method according to claim. 5, characterized in that 
35 the deposited material layer is a metal, a semiconductor or 

an. insulator. 
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7. The method according to claim 6, characterized in that 
the substrate is of glass or quartz and the deposited 
material is silicon dioxide. 

8. The method according to claim 4, characterized in that 
the expansion of the masking layer (2) is sufficient for 
accomplishing the sealing of said hole or holes (3) 
therein. 

9. The method according to claim 8, characterized in that 
the substrate is of quartz so that the product obtained is 
completely of quartz . 

10. The method according to any one of the preceding 
claims, characterized in that the substrate (1) is a 
crystalline material and said cavity or cavities (4) in the 
substrate are formed by first performing an isotropic etch 
of the substrate and then an anisotropic etch. 

11. The method according to any one of the preceding 
claims, characterized by making a plurality of holes (3) 
arranged adjacent to each other in the masking layer (2) 
and then through the holes (3) etching a continuous cavity 
(4) in the substrate (1) . 

12. The method according to any one of the preceding 
claims, characterized in that one or more of said holes (3) 
in the masking layer (2) are oblong. 
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The method according to any one of the preceding 
claims, characterized in that the substrate (1) is a 
semiconductor material and the masking layer (2) is an 
insulator . 

14 The method according to any one of the preceding 
claims, characterized in that said cavity or cavities (3) 
comprise a capillary channel. 
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15 . The method according to any one of the preceding 
claims, characterized in that the cavity structure (4) is a 
liquid or gas flow structure for a chemical analysis 
system. 

5 

16. The method according to any one of the preceding 
claims, characterized in that the cavity structure (4) 
forms a membrane structure. 

10 17 . The method according to any one of the preceding 

claims, characterized by integrating electrical, electronic 
and/ or optical components in the sealed cavity structure. 
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